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iAbstract
Since the 1960s, numerous models have been developed that aim to forecast future
developments on the labour market or to provide useful guidelines for achieving the desired
development. This paper provides an overview of these manpower forecasting models,
from the viewpoint of the modelling of replacement demand, which is the demand for labour
due to the outflow of workers because of retirement, disablement, migration etc. or
because of job mobility. These manpower forecasting models have focused on the
modelling of total employment by economic sector, occupation, and – to a lesser extent –
educational category. Less attention has been paid to the modelling of replacement
demand and the inflow of newcomers onto the labour market, although some studies in
these fields have been published recently. 
I would like to express my thanks to Lex Borghans, Andries de Grip, Hans Heijke and
Patrick van Eijs (ROA) for their helpful comments and to Gerry Hughes (ESRI) for providing
copies of some 'hard-to-find' references.
11  Introduction
Since World War II there has been a growing awareness that human capital endowments
are important factors for economic growth, in addition to physical capital. Schultz (1961)
and Becker (1962) were two of the first economists to state that education and training are
important factors in improving productivity. The central theme of their human capital theory
is that individuals can improve their productivity by investing in education and training. At a
macro level this means that a country's domestic product can be enlarged by raising the
educational level of the labour force, as long as the benefits are greater than the costs.
The interpretation of education as a factor of production made economists and policy
makers aware of the possibility of achieving economic obje tives by increasing investments
in education. Investments in education at specific levels and of specific types (for instance
agricultural, technical or economic) can boost the output of the various sectors of industry.
This means that the educational level and composition of the labour force is a determinant
of economic growth, so it is important to understand the relation between the educational
structure of the work force and the economic target variable, say the gross domestic
product. This has led to the development of models for educational or manpower planning.
One of the first manpower planning projects was the Mediterranean Regional Project,
initiated by the Organisation for Economic Co-Operation and Development (OECD) in the
early 1960s (see e.g. Parnes, 1962 and OECD, 1965). This project developed th
'manpower requirements approach'. The main objective of the Mediterranean Regional
Project was to outline the educational requirements for the next fiftheen years, to reach
specific targets for economic growth. The Project has baan carried out in six Mediterranean
countries: Greece, Italy, Portugal, Spain, Turkey and Yugoslavia. Other approaches to
educational planning include social demand projections and rate-of-return analysis (see
Blaug, 1967).
After the Mediterranean Regional Project, several other research projects were initiated in
many developed and developing countries (see for example Ahamad and Blaug, 1973).
Most of these studies focus primarily on modelling and forecasting total labour demand.
Less attention has been given to forecasting the future labour supply. Even in today's
practice, the supply side of the labour market is an under-explored part of manpower
forecasting (see Van Eijs, 1994).
Basically there are two ways for modelling labour supply, the stock approach, which
forecasts the total supply of a specific type of labour, and the flow approach, which models
the various flows of labour supply. In the latter method, a distinction is made between the
flows of new entrants entering the labour market and the outflow from the labour market.
The influx of newcomers consists primarily of school-leavers. The outflow of labour can be
due to retirement or to early withdrawal from the labour market, for example in the case of
1. The outflow of workers, and thus the replacement demand, can result from changes on both the
supply side and the demand side of the labour market. For a discussion see Willems (1996).
2. For a more extended recent overview of the background and methodology of the Manpower
Requirements Approach, see Van Eijs (1993).
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married women or disabled workers. This outflow from the labour market can also be
classified as the replacement demand, which, in addition to the expansion demand due to1
employment growth, constitutes the demand for labour.
The purpose of this paper is to give an overview of the methods that are used to forecast
replacement demand in manpower models. However,  many manpower forecasting studies
make no explicit distinction between on the one hand the decrease in labour supply due to
the outflow of workers and on the other hand the increased supply due to the entrance of
newcomers to the labour market. Therefore, we will also focus on the modelling of labour
supply in general. In considering the manpower models, particular attention will be given to
the manpower requirements approach, but some other, more recent, manpower forecasting
models will also be covered.
 
The remainder of this paper is structured as follows. Section 2 discusses the manpower
requirements approach and describes its aims and methodology. This section also deals
with the most important criticisms of this approach. Section 3 focuses on the modelling of
labour supply in the manpower requirements approach. Section 4 describes several other
more recent manpower forecasting studies. This section will also focus on the ways in
which future labour supply has been forecast. Section 5 will present the main conclusions.
2 The Manpower Requirements Approach: Aims, Methodology, and
Criticism
Aims
As was said in the introduction, the Mediterranean Regional Project (MRP) was one of the
first attempts to make manpower forecasts for educational planning purposes. The2
background of this project was a goal of realizing some specific economic targets and
social development. Parnes (1962, p. 9) describes the central aim of the Mediterranean
Regional Project as follows:
"It represents an attempt [...] to prepare an assessment of national
educational needs [...] and to arrive at detailed plans, including financial
estimates, for meeting these needs. The end-product is to be a set of
recommendations to policy makers in the respective national governments
for action programmes in the field of education."
3Parnes mentions some objectives which are related to this general goal of the MRP:
1. Estimate the required number of graduates by level of education;
2. Given point 1, estimate the required number of teachers in the several levels of the
educational system;
3. Given point 1, estimate the required facilities as schools, equipment, etc.;
4. Assess the existing educational programmes and make recommendations for
improvements;
5. Assess the need for new or expanded educational programmes;
6. Estimate the total costs of the expansion and improvement of the educational system in
the light of points 2-5;
7. Make a time-table and annual budgets.
One has to realize that these aims of the MRP are based on an educational planning
concept. The emphasis of the MRP is on determining the required outputs of the various
categories of education and estimating the enrolments which would be required to achieve
these outputs. Thus the models used do not primarily intend to forecast the future
behaviour of demand and supply on the labour market, but rather to determine the labour
supply required to achieve economic targets expressed in terms of economic growth or
gross domestic product (see also Tinbergen and Bos, 1965). Parnes (1962, p. 17-18) puts
it this way:
"estimating future manpower requirements in the context of educational
planning is not the same as forecasting future demand in the market
sense."
and:
"the idea of manpower requirements [...] relates to the functional
(occupational) composition of employment that will be necessary if certain
social and/or economic targets are to be achieved. The concept in other
words, is more a technological than an economic one."
Methodology
Parnes distinguishes the following eight steps in the manpower requirements approach:
1. List the numbers of workers by sector of industry, occupation and educational class for
the base year;
2. Forecast the size of the total labour force, or in other words the total supply of
manpower, in the target year;
3. Forecast the total employment by sector of industry in the target year;
4. Allocate this employment by industry among the different occupational classes;
aggregate over the sectors of industry to obtain the forecast of employment b
occupation;
5. Forecast the requirements by educational type by converting the forecast of the
occupational structure of employment;
L st ' j
x
rx,tPx,t
L di,t'
1
bi,t
@ Y i,t
L st
rx,t
Px,t
L di,t
bi,t
Y i,t
3. Parnes (1962) seldom uses mathematical descriptions explicitly.
4. For further details see Parnes (1962, pp. 30-34).
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(2.2)
6. Estimate the future labour supply by type of education;
7. Compute the required change in annual outflow from the several types of education
distinguished, given the results of steps 6 and 7;
8. Compute the required enrolments in each type of education to achieve the result of
step 7.
The first step in this approach is data collection, choosing the classification system and
describing the structure of employment. In the second step total labour supply has to be
forecast. This step gives the 'upper limit' of the extent to which total manpower
requirements can be satisfied. This total labour force projection can be based on a
population forecast, combined with age-specific and sex-specific labour force participation
rates:3
where:
= total labour force at time t;
= participation rate of people of cohort (age category by gender) x at time t;
= (forecast) population of cohort x a time t.
The participation rates can be estimated by taking into account past trends, anticipated
changes in the socio-economic environment such as the increasing participation of married
women, liberalization of retirement benefits and shifts in the structure of employment.
The third and fourth step are often seen as the most important and most crucial in the
manpower requirements approach. Parnes describes three alternatives for producing a
forecast of employment by sector of industry (step 3). The most well-known method
consists of combining the economic targets for the gross domestic product, broken down by
major sector, and a projection of labour productivity:4
where:
= total labour demand in sector i at time t;
= average productivity in sector i at time t;
= (targeted) level of production in sector i at time t.
The fourth step deals with the translation of the sectoral forecasts into the demand by
occupational class. The general way to do this is:
L dj,t ' j
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(2.4)
with
where:
= total labour demand in occupation j at time t;
= employment share of occupation j in sector i at time t.
There are several ways of obtaining forecasts of , depending on the availability of
manpower statistics. In the first alternative, the occupational structure of employment is
estimated on the basis of past trends. Another way is to make comparisons with other
countries and/or other, more modern and more technically advanced, firms. The rational
behind this comparison is that the better economic position of such countries is reflected in
the occupational structure in a given sector of industry. A third approach can be used for
occupations for which the labour requirements are closely linked to the size and sectoral
composition of employment, such as the medical and teaching occupations. In these cases
the occupational requirements can be estimated by applying predetermined coefficients to
the sectoral employment structure. 
In the fifth step, the forecast of the occupational structure of employment has to be
converted into a forecast of future educational needs. Because there is no strict one-to-one
relationship between the occupations and the required educational categories, this step is
not straightforward. According to Parnes, one of the most useful ways for translating
occupational employment into educational needs is on the basis of the current educational
structure of employment within each occupation, thus:
where:
= total labour demand for educational category k at time t;
= employment share of educational category k in occupation o at time t.
Parnes admits, however, that this assumes that the current situation is an optimal one,
which is generally not the case.
Step 6 is to forecast future labour supply, broken down by educational category. This step
will be considered in detail in section 3. Step 7 is to compute the differences between th
forecasts of labour demand (L ) and labour supply (L ). This results in a required change ind s
the outflow from the educational system for the forecasting period. Finally, the concluding
step of the manpower requirements approach is to determine the required future
enrolments for the various types of education.
Criticism
6Almost immediately after the advent of the manpower requirements approach there was a
lot of criticism, of both the methodology itself and the aim behind the manpower forecasts:
educational planning. The OECD report by Hollister (1967) represents a first complete
evaluation of the manpower requirements approach in general and the Mediterranean
Regional Project in particular. Blaug (1967) evaluates several approaches to educational
planning, including the manpower requirements approach. Other (empirical) evaluation
studies are put together by Ahamad and Blaug (1973) and Youdi and Hinchcliffe (1985).
The most important criticisms raised in these evaluations will be discussed below.
The first, most general and fundamental question concerning the manpower requirements
approach is whether manpower requirements have any impact on the operation of the
educational system. If students' participation in the various types of education is an
autonomous process, on which planning and controls have littl  or no effect, the manpower
requirements approach cannot have any very significant impact.
Hollister however argues that this criticism of the manpower requirements approach is
difficult to test. No one knows what enrolments in the various types of education would
have been if no manpower requirements estimates had been made. Nevertheless, Hollister
describes an approach to assessing the impact of manpower requirements forecasting,
beginning with the observation that educational requirements can change for three
reasons. Firstly, educational requirements may have to change in line with the growth in the
labour force. Secondly, shifts in the educational structure are required in response to
changes in the occupational structure of labour demand. Thirdly, educational requirements
may change because of changes in the kinds of education needed in given occupations.
If the growth in the labour force is the most powerful factor behind changing educational
requirements, then manpower planning analyses are not useful. In this case, the demand
for labour will be affected by the supply, rather than vice versa. Conversely, the second
option fits perfectly with the basic thoughts of manpower planning. In this case the demand
side of the labour market determines the required educational structure of employment.
However Hollister concludes, based on empirical evaluations, that the third element seems
to be the most important. There are however two ways of interpreting this result. The first is
to see it as evidence of a 'social demand' or 'consumption demand' for education. This
means that making manpower forecasts is not useful because the supply on the labour
market determines the demand. However, the second interpretation of this result matches
perfectly with the manpower requirements approach. In this view the demand side of the
labour market – the occupational requirements – determine the educational requirements.
Therefore it is not clear whether it is useful to make manpower forecasts for educational
planning. Hollister (1967, p. 66) says:
"basic doubts would be raised about the manpower requirements
approach as presently practised."
7A second point of criticism is to a certain extent less fundamental. It is argued that th
methods of making manpower forecasts are so weak that the degree of certainty is very
low. This can be seen as an important but solvable problem. The weakest element in the
first generation of forecasting models is the transformation of the occupational
requirements into educational needs. The manpower requirements approach does not deal
adequately with substitution processes in the labour market (see also Psacharopoulos,
1991). However Freeman (1977 and 1980) and Borghans and Heijke (1993) show how
these substitution processes can be implemented in a manpower requirements model.
Ahamad and Blaug (1973) mention another important criticism of educational planning
methods, which has become known as the paradox in manpower planning. On the one
hand there is naturally a need for long-term forecasts, because educational adjustments
have a certain time lag. On the other hand, the quality of the estimates decreases as the
forecasting period increases. For this reason medium-term forecasts seem to be most
appropriate.
These more or less fundamental criticisms of manpower forecasting have led to changing
views of the use of the estimates these forecasts produce. From a planning orientation in
the 1960s, manpower forecasting has evolved in the 1980s to a focus on market
transparency. In several countries the primary purpose of making manpower forecasts is
now to improve the functioning of the labour market by providing information about
developments and trends on the labour market for the next few years. The premise
underlying this view is that the mismatch between the educational system and the labour
market is caused by the fact that students have to make their educational choices without
having enough insight into the consequences of their choices. Borghans (1993) shows that
the match between education and the labour market can be improved by providing
information without disturbing the functioning of the market. Thus forecasts can be seen as
one element of the information required for educational and vocational guidance (see e.g.
Heijke, 1986 and 1993). Moreover, manpower forecasts can yield valuable information for
policy purposes, especially in the fields of educational and employment policy, as an aid to
understanding the effects of various courses of action on the employment structure or the
labour market situation in general. The manpower forecasts can then be used as guidelines
for active labour market policies in the fields of training, job placement and job creation
(see also Hughes, 1993 and OECD, 1994). 
3  Replacement Demand in the Manpower Requirements Approach
Most traditional, but also more recent, manpower studies focus mainly on modelling futur
employment by sector of industry, occupation and qualification (see steps 3-5 of the
manpower requirements approach described above). This section will describe two
important ways of modelling the future supply of manpower, and in particular of estimating
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(3.1)
future replacement demand, in the manpower planning approaches of the 1960s. These
are the methods used by Parnes (1962) and by Tinbergen and Bos (1965). Remarkably,
the methods of modelling labour supply were not empirically evaluated by Hollister (1967),
and Ahamad and Blaug (1973) also paid hardly any attention to the modelling of labour
supply. The book edited by Youdi and Hinchcliffe (1985) highlights the modelling of labour
supply more often.
As described above, Parnes was one of the first to present a complete method for
forecasting future manpower requirements. Step 6 in his method is to estimate the future
supply, broken down by educational category. He distinguishes three elements of the future
stock of manpower, by educational category:
– the number of workers in the category concerned;
– the influx of new entrants or re-entrants to the labour market;
– losses from the labour market due to death, retirement or withdrawal for other reasons
(replacement demand).
If the labour supply is being dissagregated by occupations, m vement from one occupation
to the other is also an element of the future stock of labour.
Parnes distinguishes the following steps in determining the future labour supply for an
occupation with a one-to-one relationship with a particular educational qualification:
1. Estimate how many current members of the labour force will withdraw due to deaths or
retirements and subtract this from the current number of persons in the profession;
2. Estimate the total number of new entrants to the profession during the forecasting
period, based on existing training facilities and recent trends;
3. Estimate how many of these new entrants will withdraw from the labour force due to
deaths and subtract this from the result in step 2;
4. Add the results of steps 1 and 3 to get an estimate of supply for that specific
occupation in the forecast year.
This can be written in a mathematical way as:
where:
= total labour supply in occupation j at time t;
= total number of entrants to occupation j during the period (t,t+1);
= average outflow rate due to death or retirement for occupation j;
= average outflow of new entrants for occupation j.
For occupations which do not have a clear link with education of a particular type, some
additional steps are needed:
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re-enter the occupation concerned;
Estimate w many of the graduates from the types of education which normall
supplynew entrants to that occupation will in fact enter other occupations, an
how many people will enter the occupation without such a 'normal' qualification;
8.
Equation (3.1) then becomes:
= j
= j
=  proportion of new entrants qualified for occupation , who actuall
enter another occupation;
aver  proportion of new entrants to occupation  who do not have 
qualification for occupation .
 the teaching professions, in particular, Parnes mentions two other steps in forecastin
labour ly.  Firstly, to estimate how many workers will leave the labour force befor
retiremen age, and secondly, to estimate how many will re-enter the profession fro
outsid  the labour force. However these two elements could easily be integrated in steps 
and 2, respectively. 
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6. In a footnote, he warns of problems in using such a 'method' and states that the withdrawal rate
can depend on the growth of the occupation in recent years. For growing professions, the
withdrawal rate will be lower. On the other hand, occupations with relatively many women will
have a higher replacement rate.
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2½% per year.  Because of the generally younger age of the new entrants,  will be6
substantially smaller.
Parnes does not elaborate on step 5 of the forecasting method. He argues that it is
extremely difficult to make realistic forecasts of quantities for the variables involved in steps
5 to 8, because of the lack of data. He therefore concludes (Parnes, 1962, p. 44):
"estimates of future supplies of manpower [should] be made in terms of
categories of educational qualifications rather than in terms of specific
occupations".
Only steps 1-4 of the method described above are needed to estimate the labour supply by
educational category. Withdrawals from the labour market, and thus the replacement
demand, can be estimated as follows. If data and forecasts of the current population and
labour force by five-year age intervals and by gender is available, Parnes suggests
estimating the 'losses' in a particular age group x in the period (t,t+5) by subtracting the
estimated number of men and women aged x+5 in the labour force in year t+5from the
actual number of men and women in the age cohort x in year t.
The withdrawal rates can then be written as:
or:
where:
= outflow rate due to death and retirement for workers of cohort (age category
and gender) x;
= total labour force of cohort x at time t.
Then, using data on the current composition of the labour force by educational background,
age, and sex, distribute the total losses by age and sex among the educational categories
distinguished. In other words,  will be equal for all educational categories.
Estimating the influx of newcomers onto the labour market is, according to Parnes,
somewhat more difficult. In brief, the method begins with an estimate of the number of
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7. It is assumed that both secondary and tertiary education normally involve training periods of 6
years.
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students who will complete a certain type of education and will not go on to further
education. Then the proportion of these who will enter the labour force has to be forecast,
taking estimated deaths and participation rates into account.
The Tinbergen model
Another educational planning model was specified by Tinbergen and Bos (1965). It is one
of the few early examples in which the planning model which is used is written down in a
mathematical way. Future replacement demand is explicitly incorporated in the Tinbergen
model. Tinbergen and Bos distinguish two educational levels: secondary and tertiary, with
the assumption that completed secondary education is a prerequisite for tertiary education.
They exclude primary education, because it is assumed that primary education is no bottle-
neck for the expansion of secondary education and for production increases, and therefore
nothing has to be planned for this type of education. The basic labour supply model,
formulated in time units of 6 years, is as follows:7
where:
= total labour force with secondary education at time t;
= total labour force with tertiary education at time t;
= total number of people with secondary education entering the labour force
during the period (t-6,t);
= total number of people with tertiary education entering the labour force during
the period (t-6,t);
= the number of students in secondary education at time t;
= the number of students in tertiary education at time t;
,  = average productivity of workers with secondary and tertiary education
respectively;
, = parameters indicating the average number of students per teacher for
secondary and tertiary education respectively
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In this model, equation (3.4) shows that the labour force with a secondary education is
used for production only, proportional to the volume of national production. Equations (3.5)
and (3.8) state that the labour force consists of the workers who are remain from the
previous period and those who have joined during the previous years. The  parameters
represent, as before, drop-out rates from the labour force due to death or retirement. In the
most simple form of the model, Tinbergen and Bos assume that  =  = 0.10, which
means that the replacement demand for labour with secondary and tertiary education is
10% during a 6-year period, which seems to be rather low.
Equation (3.6) states that the influx of newcomers with secondary education entering the
labour force is equal to the number of students in this educational level one period earlier,
less those who are now in tertiary education. The number of people entering the labour
market with a tertiary education in this period is equal to the number of tertiary students one
time-unit earlier (see equation (3.7)). Finally, equation (3.9) states that the workforce with a
tertiary-level education works either in the production sector or as teachers in secondary or
tertiary education. The  parameters are the reciprocals of the student-teacher ratios. For
example if  = 0.04, the average class size is 25 students.
In this 'basic model' the modelling of replacement demand is very straightforward.
Tinbergen and Bos indicate that the assumption made in equations (3.5) and (3.8) is too
simple because, as a consequence of rapid development, the age composition of tertiary
manpower, in particular, is biased in favour of the younger age groups. This means that a
distinction has to be made between various age classes to introduce different retirement
rates for each age category. Tinbergen and Bos (1965, p. 164) say:
"This introduces far more time units than were in our basic model, making
it considerably more complicated. We hope such attempts will be made in
the future, but have refrained from doing so ourselves".
Instead of adjusting the model in this way, they use another specification for equation (3.5):
where:
= the productive life of an individual, in years.
This equation states that the labour force with secondary education at time t is equal to
those who where in the labour force at time t-6, minus those who entered the labour market
 six-year periods ago, and plus those who enter from the educational system. Assuming
that there is a steady growth in production and therefore also a steady growth in the labour
force and the flows entering the labour force, it can be shown that equation (3.10) is
equivalent to:
82 '
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where:
= ratio of production in year t to that in year t-6.
4  More Recent Manpower Forecasting Studies for the Western World
After the first wave of manpower planning in the 1960s, mostly initiated by the OECD,
manpower planning or manpower forecasting studies were made in several other countries.
One of the best known examples is the Occupational Outlook Handbook f the Bureau of
Labor Statistics (BLS) in the United States. Important recent manpower forecasting models
in the Western world have also been developed by several institutes in Canada, by the
German Institute of Employment Research (in German: 'Institut für Arbeitsmarkt- und
Berufsforschung', or IAB), the Institute for Employment Research (IER) of the University of
Warwick in the United Kingdom, the Irish Training and Employment Authority (FÁS) in
cooperation with the Economic and Social Research Institute (ESRI), and the Dutch
Research Centre for Education and the Labour Market (in Dutch: 'Researchcentrum voor
Onderwijs en Arbeidsmarkt', or ROA). This section will describe the manpower forecasting
activities in the United States and Canada, followed by a brief discussion of forecasting
studies in Western European countries. In both cases the focus will of course be on the
modelling of replacement demand.
United States
The BLS has been making long-term employment projections for the United States for
almost 40 years. Biannually, the BLS presents updated forecasts of the future size and
composition of the labour force, economic growth and industrial productivity, and change in
employment levels by sector of industry and occupational group (see e.g. Kutscher, 1994).
The main emphasis is on the occupational employment projections, which are used by
occupational counsellors and policy makers, among other users (see Rosenthal, 1992).
The BLS projection model consists of six steps, which are very much like the first four steps
of the manpower requirements approach presented in section 2 (see BLS, 1992). The
general procedure is presented in figure 1. The first step involves making labour force
projections based on trends in birth rates, death rates and net migration, disaggregated by
age, gender and race. In total about 100 population categories are distinguished.
Furthermore, in this first step, labour force participation rates are estimated, based on trend
extrapolations for each population category.
Figure 1
BLS projection model
8. In the literature on judgemental forecasting this is known as the 'dialectic approach' (see
Sniezek, 1989).
9. The BLS replacement demand model refers only to occupations.
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Source: BLS (1992)
The second step of the forecasting procedure is to predict the GNP and major categories of
demand and income, using a macroeconomic model. Step 3 is to translate this into
production by industrial sector, followed in step 4 by an input-output model in which the
intermediate flows of goods and services required to produce the projected GNP are
estimated.
Step 5 of the BLS model is to project employment levels for the industries distinguished.
These forecasts are based primarily on the projected industry output, taking into account
the effect of expected technological change on labour productivity. The forecasts ar
obtained by extrapolating historical time series.
The final stage of the forecasting model is to transform the estimated industry employment
into projections of employment for more than 500 occupational groups. This phase of the
procedure is based on a fixed coefficient model, assuming that the employment shares of
the occupations in each industrial sector are constant. However several adjustments to this
general approach are made to allow for ongoing or expected developments. Especially
during this stage of the projection model, comments are requested from experts inside and
outside the BLS.8
It can be seen from this overview of the BLS model that no detailed forecasts of labour
supply, or of replacement demand in particular, are made. It has to be noticed that the BLS
stopped making projections of future replacement demand in the early 1980s because of
(Eck, 1991, p. 95):
"concerns about the quality of the data and the methods of developing
data appropriate for different users."
However since the beginning of the 1990s new efforts have been made to develop a model
enabling them to make "improved" estimates of replacement needs.
In this replacement demand model, presented by Eck (1991), a distinction is made between
several concepts of replacement needs. The most important distinction is that between total
separations and net separations. 'Total separations' refers to the flow of people leaving an
occupation for any reason whatsoever, while 'net separations' is an estimate of the9
number of openings for new entrants on the labour market to replace the workers wh
leave the occupation concerned. However replacement demand is not the same as
separations. This is only the case if employment in the occupation is constant or increasing.
If employment is decreasing, the replacement demand is less, because some individuals
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who separate from the occupation will not be replaced. A distinction is also drawn between
total and net replacement, analogous to the difference between total and net separations.
To estimate the total number of separations one would need detailed flow data on the
labour market. However, for forecasting purposes it is the net outflow or net replacement
demand which is generally used. The BLS model uses a cohort technique that is very
similar to the replacement demand model developed by ROA (see later in this section). Net
outflow is measured by means of the change in age groups over a 5-year period. If the size
of a group decreases during this period, there is a net outflow, and if it increases there is a
net inflow of new entrants. The net changes are the combined effect of transfers into and
out of occupations, net migrations and labour market entry and withdrawals, including
deaths. Remarkably, the BLS does not make a distinction between the net entrance and
outflow patterns of men and women.
The next step in the replacement demand model is to correct for the above-mentioned
difference between net separations and net replacement demand. If employment has
decreased in the observation period the net separations overestimate the replacement
demand. Therefore, in the case of declining employment the decrease is subtracted from
the net separations, in proportion to the net outflow from each age group. This makes it
possible to calculate net replacement ratios for each age group. The final step of the model
is to then combine the adjusted age-specific rates with the current age structure of
employment, to obtain the future net replacement needs by occupational group.
Canada
Canada is another country with a rather rich tradition of manpower forecasting. Manpower
forecasts have been made since the early 1960s, with the particular aim of increasing the
quality of the Canadian labour force. These models emphasize disaggregation by
occupation, and seldom introduce differentiation by type of education.
Figure 2
General structure of the Canadian occupational forecasting models
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(4.1)
(4.2)
Source: Foot (1980)
Foot (1980) presents an overview of the three most important Canadian manpower models:
COFOR: Canadian Occupational Forecasting;
HQM: Highly Qualified Manpower;
TSC: Technical Service Council.
The first two models refer to the public sector, whereas the latter is a model for the private
sector. The COFOR and HQM models were the basis for another, more recent Canadian
manpower model, known as COPS: Canadian Occupational Projection System (se
Employment and Immigration Canada, 1991). All these models follow the same general
structure as presented in figure 2. The starting point of the demand side of the model is
output by sector of industry. This will be converted to the employment levels by industry
and then to the occupational demand in each industry. The sum of occupational demand
over the industrial sectors gives the total demand by occupational class.
The total supply by occupation is by definition equal to the previous stock by occupation
plus the net number of new entrants in each occupation. The number of net new entrants is
equal to the balance of immigration and emigration, graduation from the education system
and retirement from the labour market, and occupational mobility. The differences between
total supply and total demand are considered as occupational imbalances. However, as
Foot argues, there may be feed-back mechanisms, for example where new suppliers
entering the labour market respond to expected imbalances by occupational class when
choosing their occupations.
The model as presented in figure 2 can also be put forward in equations. As before, we will
focus in this paper on the supply side of the labour market. The stock of workers with a
specific occupation j at time t can be specified as:
where:
= net number of new entrants in occupation j during period (t-1,t).
The net number of entrants  is, as already noted, built up of four elements:
where:
= number of graduates entering occupation j during the period (t-1, t);
= number of retirements from occupation j (i cluding deaths) during the
period (t-1, t);
= net immigration to occupation j during the period (t-1, t);
NOTj,t
10. This means that the flows as indicated in equation (4.2) are somewhat differently categorized.
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= net occupational transfers into occupation j during the period (t-1, t).
In the COFOR model, in which almost 500 occupational categories are distinguished, a
specific replacement demand projection is made. This projection distinguishes between two
elements: deaths and retirements (including emigration). However, occupational mobility10
is not taken into account in this model. The number of deaths by occupation (and by
province) is estimated in COFOR by applying single year-of-age and sex-specific mortality
data, based on the total population, to the age and sex-specific occupational data of the
Census. This means that mortality rates are independent of occupation and there is
assumed to be no difference between the mortality rates of workers and non-workers. The
method of estimating the number of retirements is quite similar, except that retirement rates
are used instead of mortality rates. Retirement rates are obtained from the most recent
Census, which means retirement is also assumed to be independent of occupation, which
seems to be a very unrealistic assumption.
The HQM model distinguishes three classes of highly qualified manpower: 7 health-related
occupations, 70 education-related occupations, and 68 other occupational groups,
classified as technology-related. This model also includes a submodel for replacement
demand. This submodel incorporates three elements of net outflow, or in Foot's terms,
attrition: mortality, retirement and emigration. Occupational mobility is again not included in
the model. The outflow from an occupation due to d ath is estimated in the same way as in
the COFOR model. The overall level of emigration is not estimated but fixed at a specific
number. Moreover, it is assumed that 12½% of all emigrants are from highly qualified
occupations. The distribution of emigration over occupations, sex and age groups is
assumed to be the same as that of the labour force.
Retirements by age and sex are estimated by taking census data on employment b
occupation, age (1-year groups) and sex and comparing it with the respective total
populations, implying an estimate of cohort specific 'participation rates'. This means that the
difference between the number of workers of age x and age x+1 in any occupation, for both
sexes, is the combined result of mortality, retirement and emigration. Since mortality and
emigration have been estimated, as described above, the number of retirements can be
estimated residually. All these rates are kept constant throughout the projection period.
The TSC model distinguishes only 5 occupational categories. Furthermore, the derivation
of replacement demand is simpler than in other models. In the first version of this model,
specified in 1975, replacement demand was not taken into account at all. In the 1976
version the replacement demand submodel is very simple. It is assumed that 20% of the
workers in the 60 to 64 year age group will retire each year, implying that everyone retires
L sx,t%1 / L
s
x,t 1 & 8x,t % L
s,new
x,t
L sx,t
8x,t
L s,newx,t
11. In France occupational forecasts have been made by the BIPE (Bureau d'Information et de
Previsions Economiques), among other institutions.
12. The quotation marks are Wilson's.
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by the age of 65. The mortality rate is also incorporated in the model, but the TSC model
takes no account of occupational mobility.
The most recent manpower forecasting model for Canada is COPS. Like the COFOR
model, COPS distinguishes almost 500 occupational categories. The model structure is
also comparable with the earlier models. COPS contains a simple labour supply block with
assumptions about mortality and migration. These assumptions are age and sex specific,
but do not differ between occupations. The outflow due to retirement, distinguished by
occupation, is estimated explicitly. Moreover, COPS has a submodel to predict future
enrolments in the educational system.
Western Europe
In several Western European countries, manpower forecasts are made on a regular basis.
The most important European institutes for occupational forecasting were named above:
the IER, IAB, ROA and, in recent years, the FÁS/ESRI (see also Heijke, 1994 and Hughes,
1991 and 1994).  All the institutes mentioned, except for ROA, focus on occupational11
demand forecasts. This means that only a few disaggregations by educational category are
made. Moreover, the supply side of the labour market is hardly taken into account.
The IER has built a manpower forecasting model that is, as in the Canadian case, linked to
a macroeconomic model. The model the IER has implemented is operated by Cambridge
Econometrics (CE), and offers a reasonable level of industrial detail, with 49 sectors of
industry distinguished. Employment by sectors is translated in several steps into demand
by 22 occupational classes, 9 subject categories and 3 levels of higher education (see
Wilson, 1994). The 'supply' component of the model is a quite simple stock-flow model12
(see also Hughes, 1991):
where:
= total labour force of age x at year t;
= rate of 'loss' due to deaths and net migration for age x for period (t, t+1);
= the number of newly qualified entrants into the labour force of age x during
the period (t, t+1).
These figures are then combined with projections of the labour market participation rates to
obtain an estimate of how many qualified persons will be economically active. This means
r ' " % $1u % j
k
(kzk % ,
r
u
zk
" $ (k
,
13. IAB/Prognos prefers not to use the word occupation, but applies the concept of job activities
(Tatigkeiten; see Fuchs and Tessaring, 1994).
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that the replacement demand is not explicitly taken into account in the IER model, but is
estimated implicitly by means of the (national) economic activity rates.
The German IAB has a tradition of long-term projections of manpower demand. They do
not forecast future developments but, together with the Prognos institute, they give several
scenarios of the future 'labour landscape' (Fuchs and Tessaring, 1994). The scenario
results depend on demographic trends, trends in international economic development, the
rate of technical progress and the assumed economic policy. Based on these scenario
results by sector of industry, they project labour demand by occupational class. In13
contrast to the IER model, IAB uses a shift-share analysis, which distinguishes a sectoral
effect, indicating the effect on the occupational structure of employment due to shifts in the
sectoral employment structure, and an activity effect, which indicates the growth or decline
of occupations within certain industries. The manpower demand by level of education is
projected by trend extrapolation.
For a number of years the IAB has been developing and improving a macroeconometri
model called SYSIFO (System for Simulation and Forecasting). This is a multi-equation
simulation model consisting of six blocks, each representing specific aspects of the national
economy and the international context in which it appears. These blocks are:
– economic growth;
– income and employment;
– prices and wage-price mechanism;
– trade cycles;
– money and the monetary mechanism;
– international economics.
An important concept within the SYSIFO model is the use of 'potential variables', such as
the potential labour force (see also Fuchs, 1992). According to IAB it is important to define
this potential labour force, because the activity rates depend on the labour market situation.
The activity rate equation will usually be of the following type (see Fuchs, 1994):
where:
= activity rate;
= labour market indicator, e.g. unemployment rate;
= other explanatory variables;
, , = parameters to be estimated;
= error term.
r ' L
s
P
'
E % U
P
E
U
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In this equation r can be defined as:
where:
= total number of employed people;
= total number of unemployed people.
This means that the total number of unemployed people is implicitly incorporated in the left-
hand side of equation (4.4). This implies that it will correlate with the labour market
indicator, specified in the right-hand side of that equation. This means – according to IAB –
that the normal definition of the labour force is not useful for labour supply forecasts.
Instead, they define a potential labour force, which is the maximum labour force under
conditions of high employment. The potential labour force consists of (see Fuchs, 1994):
– the normally defined labour force ('actual labour force'): employed and (registered)
unemployed;
– the 'active' hidden unemployment, which means those looking for a job, but not
registered at Employment Offices;
– short-term 'passive' hidden unemployment, i.e. people who 'park' in the educational
system while waiting for a job;
– people who have retired early.
The first three elements together are defined by Fuchs as the 'short-term cyclical potential
labour force'. The four elements together are called the 'medium-term cyclical potential
labour force' or just the 'potential labour force'. If those people who would like to work if
some changes in e.g. the labour laws were made, and the other non-active people, are
added to the potential labour force we get the total labour force, which Fuchs equates to
the total population aged 15 to 75.
It is very difficult to measure or estimate the potential labour force o potential activity rates,
but Fuchs describes several possible methods. The first consists of directly asking people,
using a questionnaire, but it has proved difficult to determine in this way whether people
would work in more favourable labour market situations.
A second approach is 'inflow/outflow accounting'. In this method the labour market inflow is
estimated using the numbers of graduates from the educational system. The outflow – or
replacement demand – could also be estimated, distinguishing between the different
reasons why people leave the labour market: death, disablement, retirement, etc. The
outflow from the 'actual' labour force, for example due to early retirement schemes or th
discouraged worker effect, can be explicitly excluded but it is difficult to know whether
people are part of the hidden labour force, for instance those attending additional
education while waiting for employment. This implies that this method can not exactly
determine the potential labour force.
14. In economic literature this is referred to as 'habit formation'. See for example Vendrik (1993).
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The third approach is to take data from the 1960s as a starting point, on the assumption
that in these years of high employment the potential labour force was equal to the actual
labour force. The current potential labour force can be estimated by trend extrapolations.
One important disadvantage of such a method is that behavioural adjustments since 1970
are not taken into account. For example, after many years of discouragement one can get
used to not working, which can lead to a permanently negative attitude towards
employment.14
The fourth alternative for estimating the potential labour force is the one adopted by IAB.
An explanatory model for the actual activity rates is first estimated, using explanatory
variables such as household structure, level of education, age, gender, tc. These
equations include a labour market indicator (compare equation (4.4)). The next step is to
introduce a fictitious high employment level in the model by modifying the value of the
labour market indicator. In this way projections of the potential activity rates are obtained.
The FÁS and ESRI, together, have been making industry and occupational forecasts for
the Republic of Ireland for some years. At present they produce only a labour demand
forecast, differentiated by 42 occupational categories. Little attention has been given to
modelling labour supply, except that national projections – not differentiated by occupations
or types of education – have been made of the total potential labour force and changes in
the potential labour force. However, in this FÁS/ESRI model the labour force is not really
forecast, but it is assumed that the participation rate of women between 25 and 64 will rise
by one percentage point per year (see Fitz Gerald and Hughes, 1994).
In contrast to this modern Irish model, an earlier manpower forecasting model for Ireland
called the 'National Manpower Forecasting Model' did include a complete forecast of supply
and demand and a comparison between the two (see Corcoran and O'Kelly, 1969). The
model consists of seven steps, roughly equivalent to the manpower requirement approach
discussed in section 2. Step 1 involves economic forecasts of the growth of the main
sectors of the economy. In the second step, these forecasts are disaggregated to obtain
the demand by industrial group. In steps 3 and 4 the demand forecasts are translated into
demand for occupational groups.
Step 5 is the forecast of labour supply, using a commonly-used approach which has
already been mentioned. The number of survivors from the present population with a
certain occupation is first estimated. Furthermore, assumptions are made with respect to
occupational mobility, retirement, and withdrawals. The supply forecasts are completed with
estimates of net immigration and the outflow from the educational system.
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15. See De Grip, Borghans and Willems (1995) for further details.
16. Some earlier Dutch manpower forecasting models also explicitly distinguish the replacement
demand. See, for example, the AMO-K model of Heijke, De Koning, Maas and Den Broeder
(1982). Earlier versions of the ROA replacement demand model for educational categories
simply assume that the future replacement demand during a seven-year period is equal to th
outflow of workers aged 55 or older. See e.g. De Grip, Heijke, Dekker and Groot (1987).
17. A similar equation can be specified for the educational types.
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Step 6 is to compare demand and supply. In this step substitution between one occupation
and another is also taken into account. The sixth step produces information about what
types of education should be encouraged or discouraged. Step 7 is optional, and refers to
the possible regionalization of the model.
The last manpower model we want to mention is ROA's forecasting model for the
Netherlands. This model differentiates between both occupational groups and types of
education at detailed levels. Demand and supply are compared by type of education.
Employment forecasts are made for both types of education and occupational groups. The
starting point of these models is the sectoral employment forecast of the Dutch Central
Planning Bureau. With the aid of two econometric models, ROA transforms these forecasts
into the demand by 93 occupational groups and the demand by 49 educational types,
respectively.15
The ROA model explicitly includes a determination of replacement demand, for the same16
detailed occupational and educational categories (see Willems and De Grip, 1990 and
1993). The BLS model of Eck (1991), which was described above is similar to the ROA
replacement demand model. The first step in the ROA model is to derive the net outflow.
Because there is no flow data available for the Netherlands, these flows are computed from
stock data. Using the cohort components method, known from demographic theory, 'cohort-
change rates' are estimated. These are based on the number of workers of the same birth
cohort in a certain occupational class or type of education at two different times. These
cohort-change rates can be considered as net inflow or outflow rates, which can be
specified as follows (compare equation (3.3)):
or:
where:
= annual net inflow or outflow rate of workers with occupation j of age group x17
at time t-n during the period (t-n, t);
= number of workers with occupation j of age group x at time t.
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This model distinguishes between 10 age categories (15-19, 20-24, ..., 60-64) and, in
contrast to the BLS model, also between the two sexes. This means that 20 flow
coefficients are estimated for each occupation and type of education. Note that in this ROA
model no distinction is made between the various causes of labour market outflow
(retirement, disablement, etc.). This also implies that the replacement demand aggregated
by occupational class is not equal to the replacement demand aggregated by type of
education, as the former contains the outflow due to job-to-job mobility and the latter does
not.
The second step of the ROA replacement demand model is to determine the future net
outflow rates. In addition to the method used in the BLS model and described above, two
corrections are applied to the historically observed rates. The business cycle correction
offsets the outflow of workers who become unemployed due to cyclical fluctuations in
employment. It is defined as the difference between the change in the total number of
workers and the change in the labour force in the past period. The second correction factor,
which refers to the effect of the overall participation rate (by age and gender), is equal to
the difference between the growth of the labour force in the historical and the forecasting
period. The future net outflow rates are then given by:
where:
= forecast annual net inflow or outflow rate of workers with occupation j of age
group a at time t, during period (t, t+n);
= annual growth rate of the total labour force of age group a at time t-n during
period (t-n,t);
= annual growth rate of the number of working persons of age group a at time
t-n during period (t-n,t);
The third and final step of the model is to determine future replacement demand. Firstly,
the net outflow is calculated by combining the future net outflow rates, distinguished by age
category and gender, with the d mographic structure in the occupational class or education
category concerned. For growing occupational or educational groups this net outflow is
equal to the replacement demand. However, for occupations and types of education which
face decreasing employment, not all vacancies due to the net outflow of workers will be
filled. This implies that in such cases the replacement demand is – as in the BLS approach
– equal to the number of vacancies that will be filled, i.e., the net inflow. This is by definition
equal to the net outflow minus the decrease in employment.
In the ROA model, the replacement demand is added to the expansion demand to obtain
total future demand. This is compared to the supply forecasts, consisting of the flow of
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schooleavers entering the labour market during the forecast period plus the number of
unemployed people at the beginning of this period. The differences between futur
demand and supply flows are the 'ex-ante' discrepancies on the labour market. These are
translated in 'ex-post' discrepancies, taking account of possible substitution mechanisms
(see Borghans and Heijke, 1993). These results are then expressed in forecasts of the
prospects for newcomers entering the labour market, which are expressed using an
'indicator of the future labour market situation'. In general terms this indicator is the ratio
between future supply and future demand, including substitution effects (see further De
Grip, Borghans and Willems, 1995). By means of this indicator the prospects for
newcomers to the labour market are characterized as good, reasonable, moderate or poor.
5  Conclusions
This paper has provided an overview of the most important manpower forecasting studies
since the 1960s. One of the earliest and most well-known forecasting models is the
manpower requirements approach which was applied in the Mediterranean Regional
Project. This project, initiated by the OECD, aimed to raise the level of economic activity in
Mediterranean countries by improving the educational capacity of the labour force.
Therefore a system of educational planning was needed.
Apart from the Mediterranean Regional Project, several other manpower forecasting
models have been developed. However, the function of these models has shifted from the
pure educational planning approach to a tr nsparency approach, in which the aim is not t
give a guideline for future investments in education, but to improve the information on
(future) developments on the labour market. This information will enable the labour market
actors (students, firms and policy makers) to make better decisions.
This paper discussed recent manpower models for the United States, Canada and several
Western European countries (see the overview in table 1). It can be concluded that most
manpower forecasting models focus primarily on modelling future labour demand
(employment). Less attention has been paid to modelling replacement demand. Moreover,
the replacement demand models that have been used, especially in the 1960s, are very
simple. Most models apply constant rates for mortality, retirement, migration, etc., ge erally
broken down by age category and gender, although even that is not always the case.
Another drawback of most replacement demand models is that occupational mobility is not
included.
During the 1970s and 1980s, manpower forecasting models almost all neglected the
modelling of labour supply and replacement demand. The reasons for this are not evident,
although it might have been prompted by various experiences with making supply
forecasts. Firstly, the aim of manpower forecasting has been largely shifted away from
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educational planning, partly because of criticisms of the first generation of manpower
models. Secondly, and related to this, there has been a growing awareness that gaps
between demand and supply which are forecast are difficult to interpret. The traditional
models did not take into account the possibilities of substitution between different
categories of skilled labour, which is of course not a valid assumption. These two
developments resulted in a focus on forecasts by occupational categories rather than by
educational category. Most modern forecasting activities consist of making projections on
trends in the employment structure by occupational group, which requires no supply
forecasts.
There is also a technical problem in predicting future labour supply, because in many
countries data on the inflow and outflow of workers is not available at a detailed level. This
has meant that data on the entire labour force or even the whole population would have to
be used, which could only be done on the unrealistic assumption of equal retirement and
outflow rates for every occupational or educational category. This may have contributed to
the decision not to make flow forecasts at all. Another approach to overcome this problem
is to use detailed stock data to estimate flows. This method has been adopted by both ROA
and the BLS, and seems to be a promising way of making replacement demand forecasts. 
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Table 1
Replacement demand in manpower models
MRP BLS COFOR/HQM/ IER IAB FÁS/ESRI ROA
TSC
country 6 OECD- USA Canada U.K. Germany Ireland Netherlands
countries
replacement demand included yes since 1991 yes not explicitly not explicitly no yes
specification of outflow rates
by age category and gender if possible only age generally yes - - - yes
by several causes of outflow if possible no generally yes - - - no
by occupational or educational category generally notyes no - - - yes
job mobility included if possible implicitly no - - - implicitly 
time varying no no no - - - minor adjustments
remarks only net flows only net flows
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List of Generally Used Symbols
b labour productivity
E number of employed people
i sector of industry index
j occupation index
k educational category index
L labour demandd
L labour force, labour supplys
number of new entrants into the labour force
net number of new entrants
P population
r labour market participation rate
t time index
U number of unemployed people
x cohort index (age category and gender)
Y level of production, gross domestic product
labour market outflow rate
net labour market outflow rate
net outflow rate of workers (including net mobility)
